Heparin (Hep) is a natural anticoagulant with an average molecular weight of about 15000. It consists of repeating disaccharide units of uronic/glucuronic acid and glucosamine residues.
Introduction
Heparin (Hep) is a natural anticoagulant with an average molecular weight of about 15000. It consists of repeating disaccharide units of uronic/glucuronic acid and glucosamine residues.
Owing to the dissociation of acid groups, the whole heparin molecule is negatively charged in a water solution, and the average charge is -70. 1 It is a parenteral drug with a very rapid onset of action due to its inhibition of clotting factors near the end of the coagulation cascade. It has been widely used in many clinical procedures for more than 60 years, and now is still the firstchoice to prevent thromboses and to cure urgent vein thrombus. 2 Heparin and its derivants have a variety of biological activities, such as anticoagulant, antilipemic, antithrombotic, immunoregulatory, antiphlogistic and antianaphylactic activities. 3 Thus, the heparin level in a patient's blood needs to be carefully and accurately monitored during surgery and recovery. The methods of determining heparin can be classified as biological and chemical. The application of biological methods is confined because it is greatly affected by biological individuals, and it can't be easily mastered. 4 The chemical methods for the determination of heparin include flowing injection analysis, 5 ion-channel sensors, 6 resonance Rayleighscattering spectra, 7, 8 capillary chromatography, 9 highperformance liquid chromatography, 10 surface plasmon resonance sensor analysis, 11 rotating electrode potentiometry, 12 piezoelectric quartz crystal sensor, 13 membrane electrode via protamine titration, 14 and extracorporeal membrane oxygenation. 15 However there has been no report about spectrofluorometric method for the determination of heparin using CIP-Tb 3+ as a fluorescent probe. Ciprofloxacin is a kind of frequently used bacteriophages containing an α-carbonyl carboxylic acid configuration. It is an ideal ligand for Tb
3+
. In this practice, we chose ciprofloxacin as the ligand of Tb 3+ and investigated the possibility of an enhancement of Tb 3+ fluorescence sensitized by it, and using heparin as a co-ligand. The experimental results show that the characteristic peak of Tb 3+ at 545 nm can be greatly enhanced and the enhanced fluorescence intensity is proportional to the concentration of heparin. Therefore, a new method with high sensitivity and selectivity for the spectrofluorometric determination of heparin has been established. This method is simple, relatively free of interference from coexisting substances and can be successfully applied to the determination of heparin in injection, blood serum and whole blood samples. By the Rosenthal graphic method, the binding number and association constant of heparin with the probe can be obtained. The mechanism of fluorescence enhancement between the CIP-Tb 3+ complex and Hep was also studied.
Experimental

Reagents
All chemicals used were of analytical reagent or higher grade. Doubly distilled demineralized (DDD) water was used to prepare all solutions and for all determinations.
A stock heparin (Hep, Shanghai Chemical Reagent Company, China) solution (1.0 mg ml -1 ) was directly dissolved in doubly distilled demineralized water. The working standard solution (10.0 µg ml -1 ) was freshly prepared by appropriate dilution with doubly distilled demineralized water.
A stock ciprofloxacin (Biological Product Institution of Chinese Medicine) solution was directly dissolved in doubly distilled demineralized water. The working standard solution (2.72 × 10 -5 mol l -1 ) was freshly prepared by appropriate dilution with DDD water.
All stocking solutions and working solutions given above were stored at 0 -4˚C.
A Tb
3+ ion stock solution was prepared by dissolving Tb4O7 (Shanghai Yuelong Chemical Plant, China) with a small amount of hydrochloric acid, then diluting to the mark with hydrochloric acid (0.1 mol l -1 ). The working solution (5.0 × 10 -5 mol l -1 ) was obtained by appropriate dilution of the stocking solution with DDD water.
A Tris-HCl buffer solution (0.05 mol l -1 , pH = 7.20) was used for the system.
A CMC column was prepared as follows: CMC was successively washed in 0.5 mol l -1 sodium hydroxide, 0.5 mol l -1 hydrochloric acid and 0.5 mol l -1 sodium hydroxide. The CMC was then suspended in 0.2 mol l -1 sodium acetate-acetic acid buffer solutions at pH 4.2. A small column (diameter, 1.2 cm) was made with the prepared CMC supported over quartz wool in an all-glass column (height, 30 cm). The CMC was poured into the column to a height of 20 cm for the determination of Hep in blood serum. The prepared CMC is poured into another column (diameter, 1.2 cm; height, 60 cm) to a height of 50 cm for the determination of Hep in whole blood.
Sephadex G-25 should be suspended in water for at least 6 h, and then poured into the column (diameter, 1.2 cm; height, 30 cm) to a height of 20 cm.
Apparatus
All fluorescence measurements were carried out on a RF-540 recording spectrofluorometer (Shimadzu, Kyoto, Japan). A UV-265 recording spectrophotometer (Shimadzu) was used for UV spectra scanning and the determination experiments. All pH measurements were made with a pHs-3C digital pH meter (Shanghai Leici Device Works, China).
Experiment procedure
To 10 ml color-comparison tubes, solutions were added in the following order: 0.5 ml of the buffer solution, 1.5 ml 2.72 × 10 
Results and Discussion
Excitation spectra and emission spectra
The fluorescence emission spectrum and excitation spectrum are shown in Fig 
Optimization of reaction conditions
Effect of the pH. The pH of the medium had great effect on the fluorescence intensity of the system, as shown in Fig. 3 . It showed that the fluorescence intensity of the ciprofloxacin-Tb 3+ system (F0) became smaller from pH 6.00 to 8.40, while the fluorescence intensity of the ciprofloxacin-Tb 3+ -heparin system (F) became larger from pH 6.00 to 7.00, and then became smaller from pH 7.00 to 8.40. It can be seen that the value of ∆F = F -F0 reached the maximum and remained constant at pH 7.00 -7.40. Therefore, pH = 7.20 was selected with using a 0.05 mol l -1 Tris-HCl buffer solution for further study. As the volume of the buffer solution increased by 0.5 ml, ∆F reached its maximum Effect of the amount of CIP. The enhanced fluorescent intensity (∆F) increased with increasing amount of CIP. The experimental results showed that when the CIP solution was added, 1.5 ml, i.e. the concentration of CIP was 4.08 × 10 -6 mol l -1 , F0 was smaller and ∆F was larger. Thus, 1.5 ml of CIP was selected for further study. Effect of the amount of Tb 3+ . The influence of the amount of Tb 3+ ion on the fluorescence intensities of solutions containing 4.08 × 10 -6 mol l -1 CIP and 1.0 µg ml -1 Hep was studied under the conditions mentioned above. The enhanced fluorescent intensity (∆F) increased with increasing amount of Tb 3+ ion up to 5.0 × 10 -6 mol l -1 , as shown in Fig. 4 . Thus, Tb 3+ ion was added (0.8 ml). When the concentration of Tb 3+ ion was 4.0 × 10 -6 mol l -1 , the composition ratio for CIP to Tb 3+ in the CIP-Tb 3+ -Hep system was 1:1. Thus, 4.0 × 10 -6 mol l -1 Tb 3+ ion (the added amount of Tb 3+ ion was 0.8 ml) was selected for further study. Effect of coexisting substances. Under the optimum conditions, a systematic study of various nonprotein substances in the determination of Hep (1.0 µg ml -1 ) was carried out. The criterion for interference was fixed at a ±10% variation of the average fluorescence intensity calculated for the established level of Hep. The experimental results are given in Table 1 . From Table 1 it can be seen that most coexisting substances were found to show no influence.
Analytical Application
Linear range and limit of determination
Under the experimental conditions, there was a linear relationship between the enhanced fluorescence intensity and the Hep concentration in the range of 0.1 -1.2 µg ml -1 with a correlation coefficient (r) of 0.99906. The regression equation is ∆F = 0.347 + 44.4 × C (C, µg ml -1 ).
The detection limit, as defined by IUPAC, was determined to be 6.89 ng ml -1 when the K value was taken as 3; the standard deviation was 0.1021, obtained from a series of 10 reagent blanks.
By a comparison with some existing methods, as shown in Table 2 , the present method has the advantages concerning the following terms: high sensitivity, good stability and wide linear range. It avoids potential background fluorescent emission interferences from the biological matrix. This method may therefore provide a new kind of luminescent probe for the determination of biomolecular systems and can be applied to time-resolved fluoroimmunoassay.
Determination of Hep in injection samples
The developed method was applied to the determination of Hep in injection samples. The results are givern in Table 3 . For the assay of Hep, the samples had to be diluted appropriately within the linear range of determination of Hep, and the sample solution was analyzed by the method mentioned above, using the standard calibration method. From Table 3 , it can be seen that the developed method could be easily performed, and afforded good precision and accuracy when applied to real samples.
Determination of Hep in blood samples
The developed method was applied to the determination of Hep in blood samples. Human serum albumin, hemoglobin and other proteins interfered seriously with the system. For the assay of Hep in blood samples, the samples could be applied to a carboxymethyl cellulose (CMC) column and a Sephadex G-25 column. A 0.2 mol l -1 sodium acetate-acetic acid buffer solution at pH 4.2 was chosen as the eluent for the CMC column. Human serum albumin, hemoglobin and other proteins are positive ions and Hep are negative ions when 0.2 mol l -1 sodium acetate-acetic acid buffer solution is at pH 4.2. Because the CMC column was a cation-exchange column, human serum albumin, hemoglobin and other proteins could be exchanged through the CMC column, whereas Hep could flow down and then directly into the Sephadex G-25 column. The Sephadex G-25 column had a salting-out effect in order to remove some small-molecule impurities. As a result, the interference of human serum albumin, hemoglobin and other proteins could be effectively removed.
To 1.0 ml of blood serum (from a normal person) was mixed 1.0 ml of 10 mg ml -1 Hep. The mixture was applied to the CMC column, followed by 60 ml of a 0.2 mol l -1 sodium acetate-acetic acid buffer solution at pH 4.2. The eluent was followed directly in the Sephadex G-25 column and then eluted by 60 ml water. All of the eluent was collected into a 250 ml calibrated flask, and then diluted. Then, 1.0 ml of the worked sample solution, in which the concentration of Hep was 10 µg ml -1 , was analyzed by the method mentioned above. The whole blood was from a cardiac surgery patient in QiLu Hospital (Jinan, China). A 1.0 ml whole blood sample (with 2.0 mg Hep in it) was applied to the CMC column, followed by 150 ml of 0.2 mol l -1 sodium acetate-acetic acid buffer solution at pH 4.2. The eluent (colorless) was directly applied to a Sephadex G-25 column, and then eluted with 60 ml of water. All of the eluent was collected into a 250 ml calibrated flask. Then, 1.25 ml of the worked sample solution, in which the concentration of Hep was 8 µg ml -1 , was analyzed by the method mentioned above. The result is given in Table 4 . From Table 4 , it can be seen that the developed method can be easily performed and affords good precision, and accuracy when applied to blood samples.
Measurement of the Association Constant and Binding Numbers
The Rosethanl graphic method, 16 regarded as a modification of the Scatchard method, was used to estimate the association constant (K) and the binding number (N) of the biomacromelecule to the CIP-Tb 3+ probe. Briefly, when C, as a constant, is the biomacromolecule concentration in the system, and Cb, Cf and. CTb 3+ -CIP are, correspondingly, the Hep-bound, free and total concentrations of the complex, the Rosenthanl plot follows equation 17, 18 = -(CTb 3+ -CIP -Cf)K + NCK
Since CTb 3+ -CIP = Cb + Cf,
in the system, if CTb 3+ -CIP and Cf are within the dynamic range of the calibration graph for the CIP-Tb 3+ -Hep complex, and the following Eq. (3) can be obtained:
Here 
Conclusion
Formation of the CIP-Tb 3+ binary complex
Ciprofloxacin is one kind of bacteriophage containing α-carbonyl carboxylic acid configuration. A literature survey shows that the α-carbonyl carboxylic acid configuration is suitable for efficient energy transfer from the ligand to the Tb 3+ ion, and for a high-fluorescence quantum yield, a large Stokes shift, narrow emission bonds, and a large fluorescence lifetime. Thus potential background fluorescent emission interferences are avoided from the biological matrix. Therefore, CIP is an ideal ligand for the Tb 3+ ion, which can possibly sensitize the fluorescence intensity of the Tb 3+ ion via intramolecular energy
ANALYTICAL SCIENCES OCTOBER 2005, VOL. 21 transfer. 19 The coordination number of the Tb 3+ ion is generally 8. According to the experimental results of the mole ratio for CIP to Tb 3+ given above, we can see that the coordination of Tb 3+ ion is unsaturated. There are still many positive charges and blank orbits in the CIP-Tb 3+ complex.
Formation of the CIP-Tb 3+ -Hep ternary complex
Heparin, as a kind of biomacromolecule with an average molecular mass of 15000 and an average charge of -70, is a polymer consisting of repeating tetrasaccharide units. The structure of the tetrasaccharide unit is shown in Fig. 5 . Heparin has three O-sulfate groups, two N-sulfate groups, and two carboxyl groups per tetrasaccharide unit. The O-sulfate and Nsulfate groups completely dissociated under the experimental conditions. The carboxyl group is weakly acidic, and the pKa of D-glucuronic acid in Hep is 3.6. Thus, the carboxyl groups could completely dissociate under the experimental conditions. Therefore, the whole heparin molecule exists as a big polyvalent anionic state in water solution. Because heparin has seven binding sites (five sulfate groups and two carboxyl groups) per tetrasaccharide unit, and the heparin used here contained 42 monosaccharide units, the total binding number was 73.5 (42 × 7/4) per heparin molecule (7) . Therefore, a very stable ternary complex in close proximity with big degree of molecular conjugation and rigid structure could be formed by the electrostatic interactions and coordinations between heparin and CIP-Tb 3+ binary complex. Average/µg ml -1 Ave., IU/2 ml Recovery, % RSD, % Table 4 Determination of Hep in blood samples a. Blood serum was from a normal person. b. Whole blood was from a cardiac surgery patient in QiLu Hospital (Jinan, China). 
